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Summary

Plasmacytoid dendritic cells (pDC) in mesenteric lymph nodes (MLN)

may be important regulators of both inflammatory and non-inflammatory

mucosal immune responses but human studies are rare. Here we compare

pDC from human MLN and peripheral blood (PB) by phenotype and

function. MLN from patients with or without inflammatory bowel disease

(IBD) undergoing colon surgery and PB from patients with IBD and from

controls were used to isolate mononuclear cells. The pDC were analysed

by flow cytometry for the expression of CD40, CD80, CD83, CD86,

CCR6, CCR7, CX3CR1, CD103 and HLA-DR. Purified pDC from MLN

and PB were stimulated with staphylococcus enterotoxin B (SEB), CpG-A,

interleukin-3 (IL-3), SEB + IL-3, CpG-A + IL-3 or left unstimulated, and

cultured alone or with purified allogeneic CD4+ CD45RA+ HLA-DR- T

cells. Subsequently, concentrations of IL-1b, IL-2, IL-4, IL-6, IL-8, IL-10,

IL-12, IL-17, interferon-a (IFN-a), IFN-c and tumour necrosis factor-a

(TNF-a) in culture supernatants were determined by multiplex bead array.

The PB pDC from IBD patients exhibited an activated and matured phe-

notype whereas MLN pDC and control PB pDC were less activated. CpG-

A and CpG-A + IL-3-stimulated MLN pDC secreted less IL-6 and TNF-a

compared with PB pDC from controls. Compared with co-cultures of

naive CD4 T cells with PB pDC, co-cultures with MLN pDC contained

more IL-2, IL-10 and IFN-c when stimulated with SEB and SEB + IL-3,

and less IFN-a when stimulated with CpG-A. MLN pDC differ phenotypi-

cally from PB pDC and their pattern of cytokine secretion and may con-

tribute to specific outcomes of mucosal immune reactions.

Keywords: cytokines; inflammation; inflammatory bowel disease; plasma-

cytoid dendritic cells; T cells.

Introduction

Dendritic cells (DC) initiate and regulate various immune

responses, particularly by the presentation of antigen and

the stimulation of T and B cells.1 They comprise a heter-

ogeneous population of leucocytes that can be distin-

guished by their phenotype, location and function.2

Human DC consist of two main subsets, myeloid DC

(mDC) and plasmacytoid DC (pDC).3 Whereas mDC are

CD11c+ DC-SIGN+ cells, pDC express CD123, BDCA-2

Abbreviations: DC, dendritic cells; IBD, inflammatory bowel disease; IFN, interferon; IL, interleukin; mAb, monoclonal antibody;
mDC, myeloid dendritic cells; MLN, mesenteric lymph nodes; PB, peripheral blood; pDC, plasmacytoid dendritic cells; SEB,
staphylococcus enterotoxin B; TLR, Toll-like receptor; TNF-a, tumour necrosis factor-a
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and BDCA-4 but no CD11c.4,5 Plasmacytoid DC are

characterized by their production of large amounts of

IFN-a (IFN-a) after viral infection leading to the activa-

tion of natural killer cells, natural killer T cells, B cells,

mDC, monocytes,6 and to T-cell polarization.7 The pDC

secrete a cytokine pattern distinct from that of mDC and

respond to different stimuli according to their specific

Toll-like receptor 7 (TLR7) and TLR9 expression.3 Cyto-

kines produced by pDC may induce different types of

T-cell polarization:2 for example, low levels of interleu-

kin-12 (IL-12), activation of pDC with IL-34 or pDC

maturation by CD154 favour T helper type 2 reactions

whereas virus-activated pDC represent the interferon-a
(IFN-a) -mediated activation of the innate immune sys-

tem and promote T helper type 1 immune responses.8

Mucosal pDC and mDC have been investigated in only

a few human studies, although accumulation of activated

DC at the sites of inflammation may contribute to the

pathogenesis of human inflammatory bowel disease

(IBD).6,9–12 Reduced proportions of immature pDC have

been found in the peripheral blood (PB) of patients with

IBD, suggesting their recruitment to inflamed mucosal

tissues.13,14 Additionally, mesenteric lymph node (MLN)

pDC express the chemokine receptor CCR6, which could

explain musosal accumulation at inflamed tissue sites as a

consequence of up-regulated mucosal addressines such as

CCL20 or mucosal addressin cell adhesion molecule-

1.15,16 Most mucosal DC that enter the MLN originate

from the lamina propria17 and therefore might play a role

in the regulation of immunity and tolerance.3,18,19

Oral tolerance is characterized by the antigen-specific

suppression of systemic cellular and humoral immune

responses to an orally administered antigen20 and may

result from a variety of effects including clonal anergy,

clonal deletion or active regulation.21 Recent data from

murine models suggest that one central mechanism might

be the transforming growth factor-b-dependent and reti-

noic acid-dependent induction of immunosuppressive T

regulatory cells by a specific DC subpopulation in MLN,

i.e., CD11c+ CD103+ mDC originating from the lamina

propria.22–24 This population has been shown to induce

CCR9-expressing and a4b7 integrin-expressing T cells,

respectively.25 Of note, tolerogenic functions of CD11c+

CD103+ mDC in MLN have recently been described in

humans also.25,26

Recent data from murine models indicate a possible role

of pDC in oral tolerance apart from that of mDC.27–30

In humans, IL-10-producing Foxp-3+ CD4+ CD25+ regu-

latory T cells can be induced by TLR9-activated pDC

obtained from PB.31 The MLN compartment appears to

be crucial for the observed dysregulation of T helper type

1/type 17 responses in IBD32 but a precise characteriza-

tion of human MLN pDC is missing.

In this study, we compared pDC from MLN and PB.

However, MLN from controls can rarely be obtained, and

pDC in the PB of patients with IBD are too few for most

functional assays. Because we did not detect differences in

the phenotype of pDC in MLN from patients with or

without IBD we decided to compare MLN pDC with

pDC in PB from IBD patients and controls, respectively.

In addition, cytokine secretion of purified pDC isolated

from MLN and from PB of controls was determined as

well as the induction of effector T cells by pDC from

MLN and PB in co-culture with allogeneic naive T cells.

We hypothesized that MLN pDC and PB pDC subsets

would differ due to distinct compartments of origin and

inflammatory conditions, and that such differences would

affect the induction of cytokine-secreting T effector cells.

Materials and methods

Patients and samples

Mesenteric lymph nodes not required for diagnostic

assessment were obtained from patients undergoing colon

surgery (six women, six men; age 54 � 18 years; Crohn’s

disease n = 1, ulcerative colitis n = 5, diverticulitis n = 4,

diverticulosis n = 2). Peripheral blood was obtained from

patients with IBD (seven women, three men; age

40 � 9 years) and healthy controls (six women, four

men; age 36 � 10 years). Buffy coats from blood of

healthy donors (seven women, three men; age

49 � 14 years) were received from the DRK-Blutspend-

edienst Ost (Berlin, Germany). The study was conducted

with the understanding and the consent of each partici-

pant and was approved by the local ethics committee.

Isolation of mononuclear cells from human PB and
MLN

The MLN were cut free from surrounding tissue and sus-

pended in RPMI containing L-glutamine, 10% fetal calf

serum and 100 U/ml penicillin, 100 lg/ml streptomycin

(Biochrom, Berlin, Germany). Single lymph nodes were

injected with 1 ml collagenase D (4000 Mandl units;

Worthington, Lakewood, NJ), incubated for 30 min at

37° and passed through a 70-lm cell strainer. After wash-

ing twice, MLN mononuclear cells were isolated by Ficoll

density gradient centrifugation. The PB mononuclear cells

were isolated by Ficoll density gradient centrifugation.

Isolation of pDC from PB and MLN mononuclear cells

At least 4 9 108 mononuclear cells were used for pDC

purification using a magnetic cell separation technique

(Miltenyi Biotech, Bergisch-Gladbach, Germany). In brief,

non-DC were depleted using the lineage cocktail 1 (con-

taining FITC-conjugated antibodies against CD3, CD14,

CD16, CD19, CD20 and CD56; BD Pharmingen, Heidel-

berg, Germany) and anti-FITC-conjugated microbeads
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(Miltenyi Biotec). Thereafter, pDC were enriched using

an anti-BDCA-4 monoclonal antibody (mAb; Miltenyi

Biotec). The purity of the isolated pDC was determined

by flow cytometry with anti-BDCA-2 mAb (Miltenyi Bio-

tec) and anti-CD123 mAb (BD Biosciences, Heidelberg,

Germany) and was always > 95% (data not shown).

Purification of naive T cells

After mononuclear cell isolation by Ficoll density gradient

centrifugation CD4+ CD45RA+ HLA-DR– naive T cells

were isolated by magnetic cell separation technique from

human buffy coats using the ‘Naive CD4+ T cell Isolation

Kit II’ (Miltenyi Biotec) and following the manufacturer’s

instructions. The purity of the isolated naive T-cell popu-

lation was determined with anti-CD4 mAb, anti-CD45RA

mAb and anti-HLA-DR mAb (all from BD Biosciences)

by flow cytometry and was always > 99% (data not

shown).

Cell culture

Purified pDC from MLN and PB were used for cell cul-

tures and co-culture experiments with naive T cells. The

pDC from MLN and PB were suspended in RPMI-1640

with L-glutamine (Gibco, Darmstadt, Germany) contain-

ing 100 U/ml penicillin, 100 lg/ml streptomycin (Bio-

chrom) and 10% fetal calf serum (Linaris, Bettingen,

Germany), and stimulated with staphylococcus entero-

toxin B (SEB; 1 ng/ml, Sigma, Taufkirchen, Germany),

CpG-A (1 lM; InvivoGen, San Diego, CA), IL-3 (10 ng/

ml; Peprotech, Hamburg, Germany), SEB + IL-3, CpG-

A + IL-3, or left unstimulated, and cultured alone for

2 days or with purified allogeneic CD4+ CD45RA+ HLA-

DR– T cells in a ratio of 1 : 10 for 3 and 7 days at 37°
and 5% CO2. Supernatants were collected and stored at

�80° until further analysis.

Cell staining and flow cytometry

Cells were stained in PBS containing 0�5% BSA (PAA,

Pasching, Austria), 0�1% NaN3 (Merck, Darmstadt, Ger-

many) and 0�1% Beriglobin (ZLB Behring, Hattersheim,

Germany). The following mAb were used: anti-CD4

(clone SK3), anti-CD25 (clone 2A3), anti-IFN-c (clone

B27), anti-IL-4 (clone MP4-25D2), anti-IL-10 (clone

JES3-19F1), anti-CD40 (clone 5C3), anti-CD86 (clone

FUN-1), anti-CD103 (clone Ber-ACT8), anti-CCR6 (clone

11A9), anti-CCR7 (clone 3D12) and anti-HLA-DR (clone

L243) all from BD Biosciences; anti-CD19 (clone HIB19),

anti-CD14 (clone 61D3), anti-CD80 (clone 2D10) and

anti-CD83 (clone HB15e) (eBioscience, San Diego, CA);

anti-BDCA-1 (clone AD5-8E7), anti-BDCA-2 (clone

AC144) and anti-BDCA-3 (clone AD5-14H12) were from

Miltenyi Biotec; anti-CX3CR1 (clone 2A9-1) was

purchased from Biolegend (Fell, Germany). At least

250 000 mononuclear cells were analysed on a FACSCali-

bur (BD Biosciences) and data were analysed with the

FLOWJO software (Tree Star, Ashland, OR).

Determination of cytokine concentrations in culture
supernatants

Interleukin-2, IL-4, IL-6, IL-10, tumour necrosis factor-a
(TNF-a) and IFN-c were quantified by human T helper

type 1/type 2 cytokine cytometric bead array kit (BD,

Heidelberg, Germany) according to the manufacturer’s

instructions and analysed with the FCAP-Array software

(BD). Interleukin-1b, IL-8, IL-12, IL-17 and IFN-a were

quantified using a human FlowCytomix Kit (eBioscience)

according to the manufacturer’s instructions and

analysed by the FLOW CYTOMIX PRO software (Bender, San

Diego, CA).

Statistical analysis

Selected data are presented as box plots which show

medians, 25th and 75th centiles, and minimum and max-

imum values. Non-parametric statistical tests were

applied. The Mann–Whitney U-test was used to analyse

differences between unpaired data, P-values < 0�05 were

considered significant.

Results

In this study, we compared human pDC from MLN and

PB by phenotype and function. As we found no differ-

ences in MLN from patients with IBD (Crohn’s disease,

ulcerative colitis) and without IBD (diverticulitis and

diverticulosis) we decided to pool these data. To allow a

comparison between PB and MLN, pooled MLN data

were separated into those with IBD and non-IBD origin

whereby non-IBD data in the figures are depicted as

marked dot plots. As MLN from non-IBD patients to

some extent show signs of inflammation they were not

considered as controls.

Increased proportion of pDC in MLN compared
with PB

Within mononuclear cells from MLN, the median

frequency of pDC (gated as living CD14– CD19– PI–

BDCA-2+ CD11c– cells, Fig. 1a) was about 0�7% in com-

parison with median pDC frequencies of about 0�2% in

peripheral mononuclear cells from patients with and

without IBD and of < 0�1% in peripheral mononuclear

cells from controls (Fig. 1b), respectively. Separated data

from non-IBD and IBD are integrated in Fig. 1 although

no differences in the pDC frequencies from patients with

and without IBD were found.
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MLN pDC are phenotypically similar to PB pDC
from healthy controls

We first compared the phenotype of pDC in MLN from

patients with or without IBD but found no differences

(Fig. 2). The co-stimulatory molecules CD80 and CD86

were expressed more frequently on PB pDC from IBD

patients compared with MLN pDC and PB pDC from

controls. CD83 was more frequently expressed by MLN

pDC than by PB pDC from IBD patients (Fig. 2). In con-

trast, CD40 was less frequent on MLN pDC compared

with PB pDC from either healthy controls or IBD

patients (Fig. 2). The proportions of pDC expressing

CD80, CD86, CD103 and CX3CR1 in PB from controls

and in MLN did not differ (Fig. 2) whereas the integrin

CD103 and fractalkine receptor CX3CR1 were expressed

more frequently on PB pDC of IBD patients compared

with MLN pDC and PB pDC of controls (Fig. 2). The

CC chemokine receptor CCR6 was expressed less fre-

quently on MLN pDC in comparison to PB pDC from

controls whereas CCR7 expression was not different

between MLN and PB from controls or patients with IBD

(Fig. 2). As expected, the proportions of pDC in MLN

and PB expressing HLA-DR were nearly 100% (Fig. 2).

Cytokine secretion of pDC from MLN and PB

To investigate the potential of pDC from MLN and PB to

produce cytokines, we cultured the cells in the presence

or absence of CpG-A (which binds to TLR9 and induces

cytokine secretion in pDC) alone or in combination with

IL-3 (as the cells are known to express the IL-3 receptor,

CD123) (Fig. 3).

Upon stimulation with CpG-A + IL-3, MLN pDC from

IBD patients or non-IBD patients secreted less IL-6 and

TNF-a than PB pDC whereas no differences were

observed for IL-8 and IFN-a (Fig. 3). In unstimulated

cells, MLN pDC secreted small but higher amounts of

IL-8 compared with PB pDC (Fig. 3). Due to the very
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Figure 1. Plasmacytoid dendritic cells (pDC)

in mononuclear cells from human mesenteric

lymph nodes (MLN) and peripheral blood

(PB). (a) Mononuclear cells isolated from

MLN or PB were analysed by flow cytometry.

After exclusion of CD14+, CD19+ and dead

cells, pDC were defined as CD11c– and BDCA-

2+ cells. (b) Proportions of pDC within mono-

nuclear cells from MLN of patients with and

without inflammatory bowel disease (IBD;

n = 12, six non-IBD, six IBD) and PB (n = 10,

all from IBD patients) as well as from control

PB (n = 10). **P < 0�01, ***P < 0�001; Mann

–Whitney U-test.
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low levels, however, this might be of questionable biologi-

cal relevance. No IL-1b, IL-2, IL-4, IL-10, IL-12p70, IL-17
or IFN-c was detected in cultures of stimulated or

unstimulated pDC from MLN or PB.

Distinct induction of cytokine secretion in naive
T cells by pDC from MLN and PB

We were further interested in the cytokine secretion of

naive CD4+ T cells in the presence of pDC (Fig. 4). As

before, we first used CpG-A and IL-3 as stimuli, which

both should mainly affect pDC as TLR9 is exclusively

expressed by pDC and B cells in humans and naive

T cells do not express CD123. Plasmacytoid DC from

MLN or PB were cultured with allogeneic naive

CD4+ CD45RA+ HLA-DR– T cells, stimulated with CpG-

A or IL-3 or both, and cytokine concentrations were

determined after 3 and 7 days. Control cells remained

unstimulated. As before, we did not observe differences

regarding the cytokine secretion of MLN pDC from

patients with or without IBD (Fig. 4).

After 3 days of co-culture with allogeneic naive

CD4+ CD45RA+ HLA-DR– T cells, cultures containing

mLN pDC produced less TNF-a, IFN-a and IL-6 when

stimulated with CpG-A or CpG-A + IL-3 than cultures

with PB pDC (Fig. 4). After 7 days of co-culture, cul-

tures containing mLN pDC produced less IFN-a in the

presence of CpG-A, and less IFN-a, TNF-a, IL-2 and

IL-6 when stimulated with CpG-A + IL-3 than cultures

with PB pDC (Fig. 4). In the presence of IL-3, co-cul-

tures with MLN pDC contained less IFN-a than those

with PB pDC.

In another experimental setting, we used SEB (which

bridges MHC-expressing cells with T cells and leads to

a polyclonal T-cell activation)33 alone or in combination

with IL-3 as stimuli. Here, we observed after 3 days of

co-culture with allogeneic naive CD4+ CD45RA+ HLA-

DR– T cells, that cultures containing mLN pDC pro-

duced more IFN-c, TNF-a, IL-2, IL-6 and IL-10 when

stimulated with SEB compared with PB pDC (Fig. 4).

When stimulated with IL-3 + SEB, co-cultures contain-

ing mLN pDC produced more IFN-c and TNF-a but

less IFN-a than co-cultures containing PB pDC (Fig. 4).

After 7 days, cultures containing mLN pDC produced

more IFN-c, IL-6, IL-8 and IL-10 when stimulated with

SEB than cultures with PB pDC (Fig. 4). When stimu-

lated with IL-3 + SEB, co-cultures containing MLN

pDC produced less IFN-a and IL-2 than co-cultures

containing PB pDC (Fig. 4). In comparison with co-cul-

tures of PB pDC, unstimulated co-cultures with MLN

pDC contained more IL-2, IL-6, IL-8 and TNF-a. No

IL-1b, IL-4, IL-12p70 or IL-17 was detected in co-cul-

tures with pDC from both MLN and PB irrespective of

stimulus.
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Discussion

In this study, we investigated whether MLN pDC from

patients with or without IBD phenotypically and func-

tionally differ from PB pDC from patients with IBD or

from controls. In contrast to PB pDC from patients with

IBD, MLN pDC from IBD patients or non-IBD patients

irrespective of the underlying disease, showed a rather

inactivated and immature phenotype similar to that of

PB pDC from controls. In pDC cultures, we found that

pDC from both MLN and PB secrete similar IFN-a and

IL-8 levels in response to CpG-A and CpG-A + IL-3

indicating their antiviral and plasma cell-inducing activ-

ity.34,35 In contrast to PB pDC, MLN pDC secrete less

IL-6 and TNF-a in response to CpG-A and CpG-

A + IL-3, suggesting a diminished pro-inflammatory

function of MLN pDC compared with their counterparts

in PB. Further, comparison of supernatant cytokine secre-

tion in cultures of isolated pDC and pDC co-cultured

with naive T cells revealed that the pDC are the main

source of IL-6, IL-8, TNF-a and IFN-a.
Immunogenic or tolerogenic effects elicited by pDC are

dependent on their maturation and activation status.36

Immature pDC or pDC localized in certain anatomical

compartments exert tolerogenic functions although the

exact mechanisms remain to be explored.3 Immature

human pDC enriched from human PB can induce anergy

in CD4+ antigen-specific T-cell clones37 and pDC also

contribute to peripheral tolerance by the induction the of

IL-10-producing regulatory T cells that suppress the gen-

eration of T effector cells.38 Additionally, systemic deple-

tion of pDC can also prevent oral tolerance.28 In the PB

of patients with IBD, increased numbers of DC expressing

CD83 and CD86 have been found and matured DC gen-

erated from peripheral blood monocytes of IBD patients

show raised immune-stimulating abilities when compared

with those of healthy volunteers.39

Activated DC found at the sites of inflammation in

murine models of colitis might contribute to the patho-

genesis,11 and there is increasing evidence that mucosal

DC accumulated within inflamed tissue might also play a

role in human IBD.16,40 Regarding DC in the peripheral

blood of IBD patients, conflicting results have been

reported. Increased proportions of HLA-DR+ DC express-

ing CD40 and CD86 within blood mononuclear cells of

IBD patients were found by Vuckovic et al.14 In periph-

eral mononuclear cells of patients with active IBD, Baum-

gart et al.13 found reduced proportions of pDC and mDC

that display an immature phenotype, suggesting enhanced

recruitment to inflamed mucosal tissues. Our study
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Figure 4. Cytokine secretion in co-cultures of naive allogeneic T cells with plasmacytoid dendritic cells (pDC) from mesenteric lymph nodes

(MLN) and peripheral blood (PB). Purified pDC from MLN of patients with and without inflammatory bowel disease (IBD; n = 8, two non-

IBD, six IBD), as well as from control PB (n = 8) were co-cultured with CD4+ CD45RA+ HLA-DR– naive allogeneic T cells for 3 days (a) and

7 days (b) in the presence of staphylococcus enterotoxin B (SEB), CpG, interleukin-3 (IL-3), IL-3 + SEB, or IL-3 + CpG-A, or left unstimulated.

Cytokine concentrations in culture supernatants were determined by cytometric bead array. *P < 0�05, **P < 0�01, ***P < 0�001; Mann–Whitney

U-test.
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confirms that pDC proportions in the PB from IBD

patients are reduced compared with pDC in PB from

controls but display an activated and matured phenotype.

Recently, it has been shown that CD103+ and

CX3CR1+ lamina propria mDC are functionally different

subsets that exert important immune regulatory func-

tions.41–43 The functional relevance of CD103-expressing

and CX3CR1-expressing pDC is currently not clear and

remains to be explored in further studies. The reduced

proportions of pDC expressing CCR6 found in MLN

compared with PB pDC are compatible with the hypothe-

sis that these cells may preferably accumulate at inflamed

mucosal sites, probably via up-regulated CCL20 or muco-

sal addressin cell adhesion molecule-144 interacting with

their receptors CCR6 and a4b7 integrin, respectively.45

However, lamina propria pDC were not investigated in

our study. Although pDC from MLN were phenotypically

rather similar to those from control PB, these populations

differ functionally in their development of cytokine-pro-

ducing T effector cells.

Resting pDC have been found to prime human naive

CD4+ T cells into IL-10-producing regulatory T type 1

cells2 and other studies suggest that pDC have an intrinsic

ability to prime naive T cells to produce IL-10, regardless

of their maturation stages and activation signals.4,46

Induction of IL-10- and IFN-c-producing T cells from

naive T cells by TLR7/8-stimulated, monocyte-derived

DC has also been described in humans47 and IL-10 and

IFN-c-producing T regulatory cells with immune suppres-

sive functions could be induced by CpG-activated pDC

obtained from PB of controls.31 Furthermore, the recently

discovered Notch pathway appears to be of importance in

pDC-induced T helper type 1 cell differentiation that is

characterized by production of both IL-10 and IFN-c.48

Although not fully characterized, IL-10 and IFN-c double

producers can be detected in human and murine chronic

infections, and they are assumed to limit collateral dam-

age caused by exaggerated inflammation.49 Interestingly,

inducible co-stimulator-ligand-dependent IL-10 secretion

by T cells is promoted by pDC.50 So our findings are

compatible with the induction of IL-10- and IFN-c-
producing T effector cells by MLN pDC, which might

represent a mechanism of anti-inflammatory self control.

CpG-stimulated MLN pDC but not PB pDC co-cul-

tured with naive T cells revealed an up to 10-fold reduc-

tion of IFN-a in culture supernatants compared with

cultured MLN and PB pDC, respectively. One explanation

for this surprising observation might be enhanced con-

sumption of IFN-a during naive T-cell differentiation by

MLN pDC, which cannot be excluded but seems unlikely

in the absence of supporting differences in our co-culture

experiments. On the other hand, IFN-a production might

be down-regulated in MLN pDC by rendered TLR7 or

TLR927 signalling, which involves the interferon regula-

tory factors 5 and 7.51 (Over)production of IFN-a by

pDC has been shown to be critical for disease progression

in human psoriasis and systemic lupus erythematosus52

and inhibition of IFN-a in a xenograft model of murine

psoriasis could inhibit the T-cell-dependent disease pro-

gression.53 Lipid mediators such as prostaglandin E2 have

also been shown to inhibit the IFN-a secretion by human

pDC.54

In summary, MLN pDC are rather immature and

non-activated, similar in phenotype to control PB pDC.

Functional analyses revealed the development of both IL-

10-producing and IFN-c-producing T effector cells by

pDC from MLN but not from PB. Surprisingly, CpG-

stimulated co-cultures of naive T cells with MLN pDC

contained reduced IFN-a in the supernatants compared

with such co-cultures with PB pDC. Our findings sup-

port a function skewed towards tolerance rather than

inflammation of MLN pDC in line with other tolerogen-

ic responses typical for mucosal immune reactions.
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